The Bulgarian countryside has suffered a significant phenomenon of rural emigration since the early 1970s. The main consequence of rural depopulation has been a decline of investments in Bulgarian farms and in their own level of technical and economic efficiency. The aim of this research was to assess afterwards the enlargement of the European Union in 2007, the technical efficiency by a nonparametric approach such as the Data Envelopment Analysis (DEA), using some findings and variables investigated in the Farm Accountancy Data Network annual survey from 2007 till 2015. Farms have been stratified into functions of their typology of farming and their geographical localization. Research findings have pointed out that specialized farms as dairy farms and granivores ones have had the highest levels of technical efficiency compared to mixed farms and wine farms. To sum up, financial subsidies allocated by the Common Agricultural Policy have had a positive impact towards farmers, both increasing the technical efficiency and also in reducing the socio-economic marginalization of Bulgarian rural areas.
Introduction
Bulgaria is one of the most recent newcomer member states of the European Union and its transition from a centralized economy to an open one as a consequence of the collapse of the Communist regime has implied serious economic and financial problems in the late 1990s. All this has implied a fundamental reform process in the sphere of agricultural national policy and towards farms aimed at implementing their technical and economic efficiency in order to be more competitive and efficient in the international and European market (Davidova, 1991) .
More than 20% of Bulgarian population work in agriculture even if a significant percentage of total agricultural surface is not cultivated; focusing the attention on the main cultivations, there is a high incidence of cereals on the total cultivated crops. According to FAO country facts sheet, more than 26% of people are assembled by rural population scattered in lots of small villages. Land fragmentation is typical of Bulgarian farms and it is also one of the most downside in farm efficiency and in farm income, with the consequence to foster the rural emigration from the countryside with significant impacts on the biodiversity (Di Falco et al., 2010) .
Before the enlargement of the European Union in 2007, Bulgaria has benefited from the financial funds allocated in supporting the pre-accession phase of EU enlargement that is able to make the agrarian fabric more competitive and efficient than before, improving socioeconomic growth and also in increasing employment opportunities (Manos et al., 2013) with several impacts in farm technical and economic efficiency.
In literature review, research findings have underlined that the social capital, the age of farmers and people living in the countryside and farm managed by woman in some new member states, have acted on the improvement of farms efficiency (Mathijs and Vranken, 2001) . At the same time, other studies have argued that the property of farm, the size of enterprises, in terms of usable agricultural areas and typology of management and ownership, have acted on the level of technical and economic efficiency in farms (Galluzzo, 2015a As previously mentioned, in many European countries, the property plays an important role and function towards smallholder farmers, that have got tiny units of production, fragmented and sparsely located in the countryside considered wrongly because of their dimension, technically and economic inefficient as argued and assessed in other European countries by several authors (Galluzzo, 2013; 2015a; Camelia and Vasile, 2016) .
A literature review has investigated before and after the enlargement of the European Union, the technical and economic efficiency in farms, addressing their analysis in investigating some relationships among technical and economic efficiency and other variables such as farm net income, dimension of farm, crop specialization and financial subsidies allocated by the Common Agricultural Policy (Galluzzo, 2015a; 2015b; Guyomard et al., 2006) . Some of these latter authors have argued that the most critical downside of small farms is intrinsic in their modest land capital endowment in terms of usable agricultural areas mainly fragmentized in several poor plots of land, which does not allow a squeezing in input costs throughout a more efficient use of productive factors, such as capital land and labor capital. By contrast, other studies in Italy and in new comer member state of the European Union such as Romania and Italy, have pointed out that big farms should be considered more efficient than small enterprises (Galluzzo, 2015a; 2015b; . In particular, if the ownership is in the hands of limited companies or coops, the level of assessed efficiency seems to be better than family small farms (Galluzzo, 2013; Camelia and Vasile, 2016; Kopeva et al., 2012; Kaneva, 2016) . Therefore, among variables such as property of farm, dimension of usable agricultural area and economic and technical efficiency, there is a positive correlation and a direct nexus (Bravo-Ureta et al., 2007; Chavas and Aliber 1993; Galluzzo, 2016) .
Focusing the attention on the dataset used in the assessment of efficiency, in many European countries, several studies have investigated in depth the technical and economic efficiency by a non-parametric approach using the Farm Accountancy Data Network (FADN) dataset, or sometimes focusing the target of study towards few specific case studies assessed in a sample of European farms located in different nations (Vēveris et Recent research findings about the analysis of efficiency in Bulgarian farm by the DEA approach have pointed out that labour and land capital are pivotal variables in farm's efficiency (Kaneva, 2016) . Previous studies carried out in Bulgaria by Mathijs et al. in 1999 have emphasized the role of ownership and typology of management in improving the efficiency of farms (Kaneva, 2016) . By contrast, other authors have stratified a sample of farms into functions of their productive specialization, assessing the technical efficiency in corporate farms considering also their own crop productions (Mathijs & Vranken, 2001 ; Gorton and Davidova, 2004) .
In general, outcomes of technical efficiency analysis in more specialised farms such as dairy farms, have pointed out significant levels of imbalances among European countries (Guth, 2015) . Addressing the analysis in Bulgaria, estimating in the same time the typology of farm and their productive specialization in Bulgarian farms, findings have assessed the best results in farms specialized in granivores and in other grazing livestock, by contrast, modest values have been estimated in permanent crops and horticulture farms (Kaneva, 2016) . Furthermore, in Bulgaria and in other new member states of the European Union, the technical efficiency has been unstable both over the time and also in function of their own farming typology and productive specialization, which is predominately market oriented (Bachev, 2017 
Aim of the research
In literature review, several studies have investigated relationships between farm dimension and efficiency using one of the most important variable driving the technical efficiency, the cropping specialization and the typology of breeding (Garcia et al., 1982; Galluzzo, 2015a The reason for setting up three clusters was to evaluate which typology of farming has been more efficient as estimated in Bulgaria by other scholars, assessing if the more specialized the agricultural enterprise is, the more technical and economic efficient the farm is (Kaneva, 2016; Mathijs & Vranken, 2001 ). Furthermore, the time series analysis has been useful in comparing over the time of investigation the evolution of the technical efficiency in Bulgarian farms part of the FADN dataset. Comparing different Bulgarian regions, classified following the criteria proposed by the European Union in the NUTS classification, it has been possible to estimate which regions are characterized by farms more efficient than others.
The classification of typology of farming in this research was done in accordance with the guidelines proposed by the European Commission Decision and promulgated in 2003 as: specialist COP (cereals, oilseed and protein crops), specialist other field crops, specialist horticulture, specialist vineyards, specialist orchards-fruits such as specialist fruit and citrus fruit, specialist olives (for example, various permanent crops combined), specialist milk (milk and cattle rearing), specialist sheep and goats, specialist cattle as specialist cattle-rearing and fattening, cattle rearing, cattle fattening and cattle-dairying, rearing and fattening combined, specialist granivores (pigs and poultry), mixed crops, mixed livestock and mixed crops and livestock.
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Methodology
In order to study the efficiency, there are two methods: a parametric or deterministic approach, which needs a specific function of production and other parametric variables correlated to the factors of production, and a non-parametric model or DEA (Data Envelopment Analysis), whose purpose is to define a hypothetical function of production and the distance from the frontier of this function is the index of technical inefficiency or technical efficiency (Bielik and Rajcaniova 2004) . In fact, along this function, all the possible combinations of inputs or output are able to minimize costs or maximize the income.
In the non-parametric model, fluctuations from the frontier of the function of production are considered no efficient and they are not connected to the errors thus, the technical efficiency is described as a set of opportunities for farmers able to maximize the output minimizing in the same time inputs or vice versa (Bojnec and Latruffe 2008) . The economic efficiency has been estimated by a non-parametric model applied to specific assumptions of a variable return to scale or VRS in an input oriented model (Farrell, 1957 ; Battese 1992; Coelli 1996) using DEAP 2.1 software comparing it to a constant return to scale or CRS.
The purpose of DEA linear programming model is to minimize in a multiple-output model the multiple-input in each farm which is a ratio of efficiency and in a mathematical model it can be written (Papadas and Dahl, 1991) :
In term of productivity, if there are two farms or Decision Making Units (DMUs) such as A and B capable of producing two levels of output such as ya or yb, using a specific quantity of input as xa and xb, the productivity is a simple ratio between produced output on used input ya/xa and yb/xb.
The non-parametric linear model throughout the Data Envelopment Analysis has been described for the first time in 1978 (Charnes et al., 1978) and it is useful to estimate the relative efficiency in each Decision Making Units based on different levels of input and output (Hadad et al., 2007) , with the purpose to minimize the level of input in the process of production (Doyle and Green 1994).
The aim of a non-parametric input-oriented model, used in this research is to minimize in a multiple-output model the multiple-input in each farms part of the FADN Bulgarian database, which is a ratio of efficiency with numerous possible solutions hence, the value of efficiency is in range between 0 and 1 (Bhagavath 2009; Galluzzo, 2013; . If h or rather the value of efficiency is equal to 1 or 100%, each farm or Decision Making Unit (DMU) is more efficient compared to other DMUhn which have a value of efficiency closest but not equal to 1 or 100% (Bhagavath, 2009 ). In order to find the best Decision Making Unit in this research, it is fundamental to use a linear function by a linear programming methodology called CCR ( λj are shadow prices able to reduce the efficiency in each unit lower than 1 or 100% and a positive value of λj is able to assess a peer group in some inefficient unit.
In this research, it has used an input-oriented DEA method aimed at estimating the quantity of input that can be reduced when the quantity of output is constant (Laurinavičius and Rimkuvienė, 2017) . The constant return to scale technical efficiency (CRSTE) implies as an increase in input is able to implement the same quantity of output by contrast in the variable return to scale technical efficiency (VRSTE) an increase of output is able to increase in a different proportion the input hence, if output increases less than the input, there is a decreasing return to scale or drs otherwise there is an increasing return to scale or irs (Laurinavičius and Rimkuvienė, 2017).
The purpose of the input oriented method used in this research is to maximize the output using a modest level of input (Charnes et al., 1978; Farrell, 1957; Battese 1992; Coelli 1996) :
p,m n s.t.
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The dual problem in a matrix transformation is solved by a mathematical expression and changing parameters h and k in (5) and in (8) , it is possible to obtain if h is equal to 0 a frontier with constant return to scale, otherwise if h ≥ 0 or h ≤ 0, it is impossible to accept a function with increasing return to scale or it is not possible to accept a function with the consequence to generate a decreasing return to scale function written in mathematical terms as:
X0 -hX ≥ 0 and hY ≥ Y0, h ≥ 0
In this research, the output variable in the DEA model has been made by the farm net income instead of the input variables consisted of labour capital, land capital, specific costs for seed and plants, fertilizers and crop protection, total farming overhead, total assets, financial subsidies allocated by the first and by the second pillar of the Common Agricultural Policy such as less favoured payments, financial subsidies for the rural development and decoupled payments.
Results
Since 1950, findings of FAO time series of people have pointed out a sharp increase of Bulgarian population until the collapse of Communist regime which in 1990 has reached the peak of 9 million people (Fig. 1) ; afterwards, there has been a constant drop of people living in Bulgaria predominately due to a severe emigration phenomenon. Comparing the evolution of rural and urban population in 1970, the urban population has overcome the rural one, which has declined constantly fostering the socio-economic marginalization in Bulgarian countryside, intensifying the land fragmentation and the ageing of rural population.
Fig 1. Evolution of Bulgarian population and its distribution between rural and urban territories. Source: elaboration on data FAO published on the website Faostat
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According also the Eurostat time series, the Bulgarian Gross Domestic Products in the primary sector in current value has pointed out an unstable evolution over time reaching the peak in 2008 after the enlargement of the European Union in 2007 and it had a constant increase after the economic recession since 2010 to 2014 (Fig. 2) . (2015), there has been an increase of technical efficiency of farms part of the FADN dataset. The increase return to scale (irs) on the variable return to scale (VRS) frontier in the DEA model was assessed in 4 years out of 9; the increase return to scale implies that a modest increase of input is correlated to a more intense increase of output. In 2010 only, outcomes have highlighted a decreasing return to scale hence, the increase in output has been less modest than the increase in used input. Focusing the attention on the average value of technical efficiency over the time of investigation, Bulgarian farms have not been efficient because the value has been lower than the threshold of 1.
Fig 2. Evolution of Gross Domestic Product in the primary
The research findings in technical efficiency compared to others assessed by some authors in 2004 and in 2005 in all European countries by a CRS and a VRS approach, respectively equal to 0.80 and 0.87, have pointed out a significant increase of efficiency in Bulgarian farms (Záhorský and Pokrivčák, 2016) . The value of technical efficiency close to the optimal threshold but above the best value equal to 1, has also corroborated other outcomes of technical efficiency assessed in new member states by previous studies with significant decreases in 2010 and 2011, respectively equal to 0.88 and 0.93, with a transition from an efficient phase to an inefficient one (Bojnec et al., 2014; Kočišová, 2015) . In any case, technical efficiency assessed in Bulgarian farms part of the FADN dataset has been above the average value estimated in all 27 European countries in recent analysis by other scholars (Nowak et al., 2015; Laurinavičius and Rimkuvienė, 2017) .
Focusing the attention to the relationships among typology of farming and efficiency, outcomes have underlined better results in variable return to scale (VRSTE) than in constant return to scale model (Tab. 4). Hence, an increase in input is able to increase the output in a different proportion. Findings in constant return to scale have pointed out the lowest value in wine farms, instead the highest value of technical efficiency has been found in specialized farms such as milk, granivores and other grazing livestock. This has corroborated the hypothesis according to which more specialized are farms higher in the technical efficiency; furthermore, agricultural enterprises with cows, pig or poultry have been more efficient than the other ones not specialized in livestock holding.
Roughly speaking, Bulgarian family farms have been partially able to efficiently use their family labour endowment and their land capital than other corporate and co-op enterprises as investigated in other European countries by lots of authors even if in general the agricultural coops are more technically efficient than family enterprises (Galluzzo, 2013; Kaneva, 2016) . The increase return to scale (irs) on the variable return to scale (VRSTE) frontier in the DEA model has been assessed in 4 typologies of farming out of 8; no decrease return to scale (drs) has been found in all Bulgarian typologies of farming hence, a modest increase of input is able to rise more than a proportional a growth in output.
On average value over the time of investigation, Bulgarian farms stratified into function of their geographical localization in their 6 main NUTS 2 regions (Fig. 3) , have been quite efficient considering the variable return to scale approach with an average value equal to 1 (Tab. 5); instead, in constant return to scale, the value of technical efficiency has been close to 0.99 and 68/179 quite close to the optimal efficiency threshold. The increase return to scale on the variable return to scale (VRSTE) frontier in the DEA model has been assessed in the Northern Central region the tertiary and secondary sector is predominant and the agriculture is rarefied enough. As shown in Comparing the average values of efficiency in all Bulgarian farms and in other agricultural enterprises assessed in several European countries, such as Romania, Slovenia and also Italy, findings have underlined a higher level of technical efficiency partially due to an increase of usable agricultural surface able to maximise the efficiency of labour capital and investments as argued by many authors and mentioned in the introduction paragraph.
Bulgarian farms have not been more sensitive to economic recession, which did not affect the level of technical efficiency in farms. In general, outcomes have not underlined significant differences among regions over the time of investigation in terms of economic efficiency of farms, which has implied stable features of agrarian Bulgarian regions and the positive impacts of pre-accession funds in reducing socio-economic imbalances among farms. Summing up, it is important to increase financial subsidies allocated by the second pillar of the Common Agricultural Policy in order to get the level of technical and economic efficiency better in Bulgarian farms even if perspectives for the future seem to be in favour of a significant shrinking of financial funds towards the rural development with the consequence of stimulating the permanent emigration from the countryside and the socio-economic marginalization in Bulgarian farms.
Small farms have received different typologies of subsidies from the Common Agricultural Policy with positive effect towards a significant change in farm specialization with effect on the technical efficiency, even if findings in lots of different European countries have pointed out a dissimilar impact of some financial subsidies such as decoupled payments to the technical efficiency (Latruffe et al., 2017; Latruffe and Nauges, 2014). Consequently, the role and function of direct funds allocated by the National Rural Development Plan and by decoupled payments in the first pillar of the CAP need a specific and particular attention by public authorities in the phase of rural planning for the next seven-year time 2021-2027 aimed at getting better the technical efficiency and competitiveness of Bulgarian farms.
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In order to increase the level of technical efficiency, as argued by Domanska et al. in 2014 and by Galluzzo in 2013, it is fundamental to rethink the strategic role of financial subsidies allocated by the CAP. In fact, it is pivotal to support on one hand the introduction of new technologies and the growth of the land capital endowment in terms of farm size and on the other hand, to reduce the fragmentation with the consequence to diminish costs and implement the labour capital efficiency.
The second pillar of the Common Agricultural Policy both in Bulgaria and also in all new member states of the European Union has to incentive the level of technology in farms and the use of labour saving techniques. Recent studies proposed by Turčeková et al., 2015 have argued that the higher the level of subsidies allocated in supporting the environmental protection, the higher the level of efficiency is. Furthermore, Nowack et al. in 2015 have emphasized the impact of new technologies in farms pointing out that the best results in technical efficiency has been found in countries where the level of technology has been higher in agriculture and this should be the milestone for establishing strategies and priorities in National Rural Development Programs in many European nations.
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